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Introduction

Within two months after the first confirmed cases of the novel 
influenza A (H1N1) 2009 virus outside of Mexico, the WHO 
declared on 11 June 2009 that the outbreak had become a pan-
demic.1 It was soon realized that deaths and severe cases had 
occurred in disproportionally high numbers of previously healthy 
children and young adults, as well as in pregnant women.2-6 
Therefore the risk groups were different from those for seasonal 
influenza and also the need for vaccination concerned much 
larger sections of the population than usual.7 To meet the need 
for the unexpectedly high number of vaccine doses the strategy of 
“antigen sparing,” initially devised by vaccine manufacturers for 
H5N1 vaccine candidates, was applied. This meant reduction of 
the usual antigen dose of 15 μg hemagglutinin (HA) and addi-
tion of a squalene-based adjuvant to enhance the immunogenic-
ity of the vaccine.

Squalene-based emulsion adjuvants had been used to enhance 
the immunogenicity of the poorly immunogenic H5N1 avian 
influenza virus vaccines in various age groups,8-10 as well as sea-
sonal influenza vaccines for the elderly and young children who 

Vaccines were urgently needed in 2009 against A/H1N1 pandemic influenza. Based on the H5N1 experience, it was 
originally thought that 2 doses of an adjuvanted vaccine were needed for adequate immunogenicity. We tested H1N1 
vaccines with or without AF03, a squalene-based adjuvant, in children.

Two randomized, open-label, trials were conducted. Participants 3–17 y received two injections of 3.8 μg or 7.5 μg 
hemagglutinin (HA) with adjuvant or 15 μg HA without adjuvant. Participants aged 6–35 months received two injections 
of 1.9 μg or 3.8 μg HA with full or half dose adjuvant or 7.5 μg HA without adjuvant.

All subjects 3 to 17 years reached seroprotection (hemagglutination inhibition (HI) titer ≥ 40) after the first dose 
of the adjuvanted vaccine, and 94% and 98% in the 3–8 and 9–17 years groups respectively with the non-adjuvanted 
vaccine. In children aged 6–35 mo responses were modest after one dose, but after two doses virtually all children 
were seroprotected regardless of HA or adjuvant dose. In this age group, antibody titers were 5 to 7 times higher after 
adjuvanted than non-adjuvanted vaccine. The higher responses with the adjuvanted vaccine were also reflected as 
better antibody persistence. There was no clustering of adverse events that would be suggestive of a safety signal.

While a single injection was sufficient in subjects from 3 years, in children aged 6–35 months two injections of this 
A/H1N1 pandemic influenza vaccine were required. Formulation of this vaccine with adjuvant provided a significant 
advantage for immunogenicity in the latter age group.
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do not respond optimally to conventional influenza vaccine.11-13 
Analogously, it was also planned to apply squalene-based adju-
vants to enhance immunogenicity of vaccines against the H1N1 
2009 virus, but it was not known whether adjuvants were needed 
at all or, if yes, for which target groups. The addition of adjuvant 
was driven by the assumed need for antigen sparing.

We report data from two clinical trials investigating the 
immunogenicity and safety of adjuvanted and non-adjuvanted 
pandemic influenza A H1N1 2009 vaccines in children and 
young infants. The studies were conducted in the fall of 2009, 
with a follow-up of antibody persistence until 8 or 13 mo later in 
a subset of the children.

Results

One of the vaccines was administered to 303 children and 401 
infants/toddlers in the two studies, respectively (Figs. 1 and 2). 
Fourteen children discontinued during the vaccination phase, 
two of them due to SAEs that were unrelated to vaccination 
(pneumonia responsive to antibiotic therapy and Duchenne mus-
cular dystrophy). Four additional subjects were withdrawn due 
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For children less than 3 y of age, in the 
adjuvanted vaccine groups, antibodies against 
the A/California/07/2009 (H1N1) strain 
already increased significantly at 21 d after the 
first vaccination, with GMTRs exceeding 40 
(Table 3). More than 96% of the subjects in 
these groups developed a seroprotective titer ≥ 
40, regardless of their dosage of HA and AF03. 
After the second vaccination with the adjuvanted 
vaccines, 100% of the subjects seroconverted 
and had a seroprotective HI titer, with GMTs 
reaching at least 2,500. In the recipients of non-
adjuvanted vaccine, the GMT against the A/
California/07/2009 (H1N1) strain 21 d after the 
first vaccination was 23. Seroprotective levels of 
HI antibody were reached by 33% of the subjects 
after the first dose and 98% after the second dose. 
After the second dose of non-adjuvanted vaccine, 
in these children aged less than 3 y, the GMT was 
more than 10-fold lower than following two doses 
of adjuvanted vaccine.

Neutralizing antibody response to 
vaccination. The proportion of children with 
detectable NT antibodies (titer ≥ 10) before 
vaccination was 25% and 3%, respectively in the 
9–17 and 3–8 y age groups. Only 1 child less than 
3 y of age had detectable neutralizing antibodies 
at baseline.

All but 3 children had at least a 4-fold rise 
in neutralizing antibodies after one injection of 
adjuvanted vaccine, and all of them had at least a 
4-fold increase after 2 injections. With the non-

adjuvanted vaccine, in 9–17 and 3–8 y groups the rates of 4-fold 
titer rise after the first vaccination were 100% and 96%, respec-
tively. In 6–35 mo old children who received a 7.5 μg dose of the 
vaccine, the rate of 4-fold titer rise after the first vaccination was 
81%. The GMTs were higher with the adjuvanted than the non-
adjuvanted vaccine in all study groups: after the first dose, in the 
9–17 y group, 3661 with 3.8 μg HA + AF03 vs. 2618 with the 
15μg non-adjuvanted vaccine, in the 3–8 y group, 2094 with 3.8 
μg HA + AF03 vs. 660 with the 15μg non-adjuvanted vaccine, 
and in the 6–35 mo group 952 with 1.9 μg HA + ½AF03 vs. 73 
with the 7.5 μg non-adjuvanted vaccine.

Persistence of HI antibody. Eight months after the first 
vaccination, a decrease in HI titers was observed compared 
with D42 in the subset of subjects evaluated, but HI titers were 
still higher than those observed 21 d after the first vaccination  
(Fig. 3).

All children 3–17 y of age who received an adjuvanted vaccine 
remained seroprotected at the 8-mo time point. For those who 
received the non-adjuvanted vaccine, 97% of the children aged 
9–17 y and 93% of those aged 3–8 y remained seroprotected. 
The persistence of the antibody response at seroprotective levels 
was confirmed in the subset of subjects who participated in the 
month 13 assessment: all subjects tested were still seroprotected 
in the 1.9 μg HA + ½ AF03 groups, all subjects in the 9–17 y 

to non-compliance with the protocol. Subsets of 135 children 
from 3 y of age and 82 children less than 3 y participated in the 
assessment of antibody persistence at 8 mo after vaccination, and 
subsets of 64 and 28 children respectively in the visit organized 
at 13 mo after vaccination.

Vaccine groups were comparable for demographic character-
istics at enrolment (Table 1). Except for 2 children less than 3 y, 
no participant was known to have been in contact with a case of 
pandemic H1N1 influenza before enrolment.

Hemagglutination inhibiting antibody response to vaccina-
tion. The proportion of participants with pre-existing HI anti-
bodies (≥ 10) against the H1N1 2009 strain was 21% and 0.7% 
in participants aged 9–17 and 3–8 y, respectively. Only one sub-
ject (0.25%) in the 6–35 mo age group was seropositive at base-
line. The seroprotective titer of 40 was reached before vaccination 
by 7% of the children in the 9–17 y age groups, no child in the 3 
to 8 y group and 1 child (0.25%) in the 6 to 35 mo group.

100% of children 3 y of age and above developed seroprotective 
HI titers after a single vaccination with either of the adjuvanted 
vaccine candidates, and even without adjuvant the seroprotec-
tion rate was more than 94%. Among the older children the HI 
GMTs were approximately 1.5-fold higher with adjuvant than 
without and in the 3–8 y-olds, they were 3- to 4-fold higher with 
adjuvanted vaccine than with non-adjuvanted vaccine (Table 2).

Figure 1. Participant flowchart (study 1).
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Laboratory analyses concluded in a similar or quite similar 
frequency of values out of range at 8 d after the first vaccination 
compared with the frequency observed at baseline. A few 
hematological values (leucocytes and neutrophils counts) that 
were under the lower limit of normality on day 8 were considered 
as clinically significant by the investigator in three 9–17 y-old 
subjects and one 3–8 y-old subject who all had received the non-
adjuvanted vaccine. Some of the biochemistry and hematology 
values measured on day 8 in children less than 3 y of age were 
also considered as clinically significant by the investigators. 
For the biochemistry parameters, these consisted of isolated 
high creatinine values detected in 3 children who received an 
adjuvanted vaccine, and high liver enzymes values found in 3 

non-adjuvanted group and 8/10 subjects in 
the 3–8 y non-adjuvanted group.

For children less than 3 y of age, all the 
subjects in the 1.9 μg HA + ½ AF03 group 
remained seroprotected, while 95.7% of 
subjects aged 12–35 mo and 66.7% of subjects 
aged 6–11 mo remained seroprotected in the 
non-adjuvanted group. Similar trends were 
seen in the small subset of subjects assessed 
at 13 mo after vaccination: 18/18 subjects 
were still seroprotected in the 1.9 μg HA + ½ 
AF03 group vs. 4/10 in the non-adjuvanted 
group.

Safety and reactogenicity. No deaths 
were reported. Six SAEs during the period 
D0-D42 and 25 additional SAEs during 
the 12-mo safety follow-up were reported 
across the 2 studies. None was considered 
by the investigator as related to the study 
vaccine. Among them, 5 episodes of febrile 
convulsions (adverse events of special interest) 
occurred in 4 subjects: one subject in the 
non-adjuvanted group, two subjects in the 
1.9 μg HA + ½ AF03 group and one subject 
in the 3.8 μg HA + ½ AF03. All episodes of 
febrile convulsions occurred between 2 mo 
and 168 d after the vaccine injection.

Solicited adverse reactions reported within 
7 d of each vaccination are summarized in 
Table 4. The incidence of solicited injection 
site reactions tended to be higher in the 
adjuvanted vaccine groups than in the non-
adjuvanted vaccine group, and no major 
differences were detected in the incidence 
of solicited systemic reactions reported in 
the adjuvanted and non-adjuvanted vaccine 
groups. There was also no indication of a 
global increase in the incidence of solicited 
injection site and systemic reactions after the 
second vaccination as compared with the 
first.

Solicited adverse reactions reported in 
children less than 3 y of age in the 7-d period 
following each vaccination with the 1.9 μg HA + ½ AF03 vaccine 
and 7.5 μg HA vaccine are detailed in Table 5. Pain / tenderness 
and erythema were the most commonly reported injection site 
reactions. Regarding systemic reactions, there was a trend toward 
a higher incidence of fever with the adjuvanted vaccine than in 
the non-adjuvanted vaccine, and following the second vaccination 
compared with the first with the adjuvanted vaccine. Among 
children less than 3 y who received an adjuvanted vaccine, 2 and 
9 subjects reported grade 3 fever (defined as rectal temperature > 
39.5°C in children < 24 mo and axillary temperature ≥ 39.0°C 
in children ≥ 24 mo) respectively after 1st and 2nd vaccination, 
while none of the recipients of non-adjuvanted vaccine reported 
grade 3 fever.

Figure 2. Participant flowchart (study 2).
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against H5N1, two-dose vaccination schedules were needed, 
irrespective of adjuvant content.8-10

The hemagglutinin of the influenza virus causing the 2009 
pandemic was derived from the 1918 influenza A strain that 
entered swine around that time.14 The H1N1 strains circulating in 
humans between 1918 and 1957, and again between 1977 to the 
present day, have drifted considerably so that seasonal influenza 
H1N1 strains and the H1N1 pandemic strain in 2009 had 
little antigenic similarity.14,15 Moreover, prior seasonal influenza 
vaccination induced little or no antibody cross-reactivity to the 
2009 H1N1 pandemic strain.16 It was originally hypothesized that 
for vaccines against the 2009 H1N1 pandemic virus, similarly 
to H5N1 and consistent with the two-dose vaccination schedule 
recommended for naïve young children receiving a seasonal 
influenza vaccine for the first time, a two-dose vaccination 
schedule would be needed. This hypothesis turned out to be 
incorrect, and a finding of our study was that a single vaccination 
induced robust antibody responses in children as young as three 
years. In the present study, 94% of children 3–8 y old and 100% 
of those aged 9–17 seroconverted (HI antibodies) after a single 

children, of whom 2 had received an adjuvanted vaccine and 
1 had received the non-adjuvanted vaccine. All six children 
presented with preexisting abnormal values already at baseline. 
Hematology abnormalities considered as clinically significant 
did not reveal any specific pattern, as they included high as 
well as low hemoglobin values, high platelets, leukocytes, 
neutrophils or lymphocytes counts as well as low leukocytes 
or neutrophils counts. These abnormal values were found 
both after administration of adjuvanted vaccines (8 children) 
and non-adjuvanted vaccines (4 children) and were most 
often preexisting at baseline or returned to normal at a later  
time-point.

Discussion

Trials of candidate pandemic vaccines against avian influenza A 
(H5N1) strains had shown that without adjuvant, doses of up to 
90 μg hemagglutinin are required to elicit satisfactory immune 
responses, whereas with the use of adjuvants the dose of antigen 
required was much lower. To attain satisfactory antibody levels 

Table 1. Baseline characteristics of children, according to age and study group

9 – 17 y 3 – 8 y 6 – 35 mo

3.8 μg 
HA + 
AF03  

(n = 49)

7.5 μg 
HA + 
AF03  

(n = 50)

15 μg 
HA  

(n = 52)

3.8 μg 
HA + 
AF03  

(n = 50)

7.5 μg 
HA + 
AF03 

(n = 50)

15 μg 
HA 

 (n = 
52)

1.9µg 
HA + ½ 

AF03

(n = 96)

3.8 μg 
HA + ½ 

AF03  
(n = 
100)

3.8 μg 
HA + 
AF03  
(n = 
104)

7.5 μg 
HA  

(n = 101)

Age at V01 (years or months): 
mean (SD)

12.7 y 
(2.4)

12.9 y 
(2.7)

12.5 y 
(2.3)

5.6 y 
(1.8)

5.6 y 
(1.9)

6.1 y 
(1.8)

18.4 
mo 

(10.1)

17.7 mo 
(9.8)

18.2 mo 
(10.5)

18.0 mo 
(10.0)

Male/female ratio 0.88 1.50 0.93 0.61 1.27 0.73 1.04 0.96 0.96 1.10

Ethnic origin: n Caucasian (%) 48 (98.0) 50 (100) 51 (98.1) 49 (98.0)
50 

(100)
52 

(100)
94 

(97.9)
99 (99)

103 
(99.0)

100 (99.0)

Influenza 
vaccination in 

2008/2009: n (%)
Yes 12 (24.5) 10 (19.2) 9 (18.0) 16 (32.0)

21 
(42.0)

19 
(36.5)

24 
(25.0)

27 
(27.0)

31 (29.8) 26 (25.7)

No 37 (75.5) 42 (80.8)
40 

(80.0)
33 (66.0)

29 
(58.0)

32 
(61.5)

65 
(67.7)

67 (67.0) 68 (65.4) 74 (73.3)

Unknown 0 (0) 0 (0) 1 (2.0) 1 (2.0) 0 (0) 1 (1.9) 3 (3.1) 3 (3.0) 1 (1.0) 0 (0)

Not appli-
cable

- - - - - - 4 (4.2) 3 (3.0) 4 (3.8) 1 (1.0)

Experience influ-
enza infection dur-
ing the 2008/2009 

season: n (%)

Yes

No

Unknown

0 (0)

47 (95.9)

2 (4.1)

1 (1.9)

51 (98.1)

0 (0)

2 (4.0)

48 
(96.0)

0 (0)

6 (12.0)

44 
(88.0)

0 (0)

6 (12.0)

44 
(88.0)

0 (0)

5 (9.6)

47 
(90.4)

0 (0)

1 (1.0)

91 
(94.8)

4 (4.2)

1 (1.0)

98 
(98.0)

1 (1.0)

1 (1.0)

101 
(97.1)

2 (1.9)

3 (3.0)

95 (94.1)

3 (3.0)

Subject in contact 
with a confirmed 
and/or probable 

case of H1N1 with-
in the 8 mo prior to 

enrollment: n (%)

Yes

No

Unknown

0 (0)

49 (100)

0 (0)

0 (0)

50 (96.2)

2 (3.8)

0 (0)

46 
(92.0)

4 (8.0)

0 (0)

49 (98.0)

1 (2.0)

0 (0)

49 
(98.0)

1 (2.0)

0 (0)

51 
(98.1)

1 (1.9)

0 (0)

95 
(99.0)

1 (1.0)

2 (2.0)

96 
(96.0)

2 (2.0)

0 (0)

104 
(99.0)

0 (0.0)

0 (0)

100 (99.0)

1 (1.0)
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dose of HA actually included in the vaccine or the laboratory and 
method used for assessing HI responses, may have also impacted 
the immunogenicity results. Nevertheless, in our study as well as 
in the others, in children less than 3 y of age, a second dose of 
the non-adjuvanted H1N1 vaccine was required, as is the case for 
seasonal vaccination.

dose of non-adjuvanted vaccine. Other non-adjuvanted pandemic 
H1N1 2009 vaccines evaluated in children aged 3 y or above 
indicated similar17 or lower immunogenicity.18-20 In the situations 
of lower immunogenicity, it is difficult to assess whether the 
observations reflect true differences in immunogenicity across 
vaccines from different manufacturers. Other factors, such as the 

Table 3. Hemagglutination inhibition antibody response against H1N1 influenza in children aged 6 to 35 mo

1.9 µg HA+ ½ AF03 3.8 µg HA + ½ AF03 3.8 µg HA + AF03 7.5 µg HA

Seroprotection, % (95%CI)

Day 21 96.8 (90.9–99.3) 97.9 (92.7–99.7) 100 (96.3–100) 33.3 (24.0–43.7)

Day 42 100 (96.0–100) 100 (96.1–100) 100 (96.3–100) 97.9 (92.7–99.7)

Seroconversion, % (95%CI)

Day 21 96.8 (90.9–99.3) 97.9 (92.7–99.7) 100 (96.3–100) 33.3 (24.0–43.7)

Day 42 100 (96.0–100) 100 (96.1–100) 100 (96.2–100) 97.9 (92.7–99.7)

GMTR day 21/day 0 44.9 (37.1–54.3) 46.4 (38.9–55.4) 69.7 (60.3–80.5) 4.54 (3.64–5.66)

GMTR day 42/day 0 570 (495–657) 491 (434–557) 696 (624–776) 42.3 (34.3–52.1)

Table 2. Hemagglutination inhibition antibody response against H1N1 influenza 21 d after a single injection of H1N1 vaccine in children aged 3–17 y

H1N1 vaccine

Age group Endpoint 3.8 µg + AF03 7.5 µg + AF03 15µg

9–17 y Seroprotection, % (95%CI) 100 (92.6–100) 100 (92.6–100) 98.1 (89.7–100)

Seroconversion, % (95%CI) 100 (92.6–100) 100 (92.6–100) 98.1 (89.7–100)

GMTR day 21/day 0 (95%CI) 177 (130–241) 190 (144–252) 125 (81.9–190)

3–8 y Seroprotection, % (95%CI) 100 (92.9–100) 100 (92.6–100) 94.0 (83.5–98.7)

Seroconversion, % (95%CI) 100 (92.9–100) 100 (92.6–100) 94.0 (83.5–98.7)

GMTR day 21/day 0 (95%CI) 124 (99.6–156) 152 (117–198) 35.0 (24.0–51.1)

Seroprotection, number and proportion with titers ≥ 40; Seroconversion, number and proportion with either a titer Day 0 titer < 10 on and a Day 21 
titer ≥ 40, or a Day 0 titer ≥ 10 and ≥ 4-fold rise by Day 21; GMTR, geometric mean titer ratio; CI, confidence interval.

Table 4. Safety data: % participants reporting at least one reaction after 1st or 2nd vaccination

9 to 17 y 3 to 8 y 6–35 mo

Adjuvanted groups 15 μg HA Adjuvanted groups 15 μg HA Adjuvanted groups 7.5 μg HA

n = 99 n = 52 n = 101 n = 51 n = 300 n = 101

Solicited reaction, % 98.0 86.5 94.1 80.4 87.3 81.0

Post-injection 1 93.9 75.0 86.1 68.6 72.3 72.0

Post-injection 2 80.6 61.5 80.0 59.2 74.4 61.2

Solicited injection site reaction, % 91.9 76.9 87.1 68.6 67.3 52.0

Post-injection 1 83.8 63.5 79.2 54.9 50.0 39.0

Post-injection 2 71.4 53.8 76.0 51.0 49.8 32.7

Solicited systemic reaction, % 77.8 67.3 68.3 49.0 69.7 64.0

Post-injection 1 66.7 57.7 54.5 37.3 52.0 53.0

Post-injection 2 55.1 34.6 45.0 28.6 56.1 49.0

Unsolicited AE, % 63.6 61.5 61.4 74.5 76.3 75.2

Post-injection 1 52.5 46.2 40.6 60.8 61.0 60.4

Post-injection 2 29.6 28.8 37.0 46.9 51.9 45.9

Unsolicited AR, % 27.3 17.3 21.8 29.4 15.0 13.9

Post-injection 1 23.2 13.5 14.9 23.5 10.3 10.9

Post-injection 2 9.2 3.8 10.0 10.2 7.6 3.1

SAE Between day 0 and day 42, % 0.0 0.0 1.0 2.0 1.0 0.0
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partial explanation for the observed response to vaccination that 
was more typical of the response to a seasonal vaccination than 
to a pandemic vaccination. We detected a clear age-dependent 
presence of pre-existing antibodies against the 2009 H1N1 
strain, by both HI and NT methods. This was not directly 
related to recent seasonal vaccination, as approximately one third 
of 3–8 y olds had been vaccinated with the 2008/09 seasonal 
vaccine, yet only one child in this age group had detectable 
cross-reactive antibodies. While it is also possible that some 
of the individuals without a detectable antibody response at 
baseline had nevertheless been primed through past exposure, it 
appears more likely that the magnitude of the immune response 
to vaccination may also be explained by the inherent high 
immunogenicity of the H1N1 strain. The fact that high titers 
and seroprotection rates were reached after vaccination without 
adjuvant in children from 3 y of age supports the high intrinsic 
immunogenicity of the H1N1 vaccine strain. While the adjuvant 
did further increase antibody responses, particularly in young 
children, the principal advantage of the AF03 adjuvant with the 
pandemic H1N1 2009 vaccine strain was its ability to provide 
antigen dose-sparing. The level of dose-sparing achieved in this 
study with AF03 adjuvanted vaccine appeared similar to that of 
an AS03 adjuvanted vaccine used in pediatric populations, with 
an antigen dose as low as 3.75 μg in children from 3 y of age 
and 1.9 μg in children less than 3 y inducing seroconversion in 
more than 95% of the children after first vaccination.24,25 The 

Another key observation of this study was the differential 
adjuvant effect seen in the different age groups. Previous reports 
have indicated that in adult subjects, adjuvanted and non-
adjuvanted vaccines display similar immunogenicity. In one 
study reported in 2010, 98% of adults 18 to 60 y seroconverted 
after a single dose of 5.25 μg AS03 adjuvanted vaccine and 95% 
after a single 21 μg dose of a non-adjuvanted vaccine.21 Another 
study conducted in young adults concluded that adjuvanted and 
non-adjuvanted vaccines showed similar immunogenicity. In this 
report, 21 d after a single injection of 7.5 μg HA without adjuvant 
or 7.5 μg HA with the MF59 adjuvant, respectively 72% and 
73% of the subjects seroconverted.22 In contrast, our data indicate 
that the effect of the adjuvant increases with decreasing age. This 
was illustrated by the comparison of HI and NT titers yielded 
by adjuvanted vs. non-adjuvanted vaccines, and by the fact that 
a single administration of the AF03 adjuvanted vaccine (but not 
the non-adjuvanted vaccine) induced seroconversion in most of 
the children less than 3 y of age. Interestingly, another study that 
compared adjuvanted and non-adjuvanted vaccines from different 
vaccine manufacturers in children aged 6 mo to 12 y reached a 
similar conclusion.23 Therefore, it may be concluded that an 
adjuvant gave a significant advantage for the immune response in 
young children but that for children over the age of 3 y a non-
adjuvanted pandemic H1N1 2009 vaccine would be sufficient.

Immunological priming by exposure to one or several 
influenza strains with common epitopes provides a potential, 

Table 5. Reactogenicity of H1N1 vaccine in children less than 3 y: % participants reporting at least one solicited reaction between day 0 and 7 after 1st 
or 2nd vaccination

Injection site 12–35 mo 6–11 mo

reactions: %
Adjuvanted groups 

n = 150
7.5 μg HA 

n = 50
Adjuvanted groups 

n = 150
7.5 μg HA 

n = 51

Pain/tenderness* 56.7 38.8 34.9 17.6

Erythema** 41.3 24.5 32.7 17.6

Swelling** 16.7 14.3 12.8 3.9

Induration** 23.3 10.2 28.9 17.6

Ecchymosis** 16.7 16.3 11.4 9.8

Systemic 24–35 mo 12–23 mo 6–11 mo

reactions: %
Adjuvanted groups 

n = 106
7.5 μg HA 

n = 40
Adjuvanted groups 

n = 44
7.5 μg HA 

n = 10
Adjuvanted groups 

n = 106
7.5 μg HA 

n = 40

Fever*** 17.0 5.1 25.0 20.0 41.3 13.7

Headache 5.7 5.1 - - - -

Malaise 16.0 25.6 - - - -

Myalgia 21.7 12.8 - - - -

Shivering 15.1 2.6 - - - -

Vomiting - - 6.8 0.0 26.2 13.7

Crying abnormal - - 43.2 50.0 56.7 52.9

Drowsiness - - 31.8 40.0 41.6 33.3

Appetite lost - - 61.4 40.0 46.3 49.0

Irritability - - 54.5 60.0 64.4 76.5

N, number of subjects. *Injection site tenderness for subjects < 24 mo of age or injection site pain for subjects ≥ 24 mo. **All measureable injection site 
reactions were reported. ***Fever was defined as rectal temperature ≥ 38°C in subjects aged < 24 mo or axillary temperature ≥ 38°C in subjects aged 
24 to 35 mo.
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formulated according to the conventional process that has been 
used to produce seasonal influenza vaccines for several decades 
has the advantage of being a very well characterized product. Still, 
the availability of an adjuvanted vaccine provides an advantage 
for the rapid immunization of young children. However, the 
amount of adjuvant used in the vaccine should be adjusted to a 
level that is both effective and minimally reactogenic.

Patients and Methods

The immunogenicity and safety of various formulations of an 
H1N1 vaccine with or without squalene adjuvant were evaluated 
first in children aged 3–17 y, followed by infants/toddlers aged 
6–35 mo in two randomized, open-label, multicenter phase 2 trials 
in Finland (study 1: 303 children; study 2: 401 children). Studies 
were conducted in accordance with the Declaration of Helsinki 
and Good Clinical Practice (as defined by the International 
Conference on Harmonization). The protocols were approved by 
the National Ethics Committee of Finland. The parents of all 
children gave their written informed consent before enrolment. 
Children aged 12 or older also gave written informed consent and 
children aged 6–11 y gave their assent before enrolment. These 
studies were registered with Clinicaltrials.gov (NCT00956046, 
NCT00956202).

Participants. Subjects were considered eligible to participate 
in the trial provided they had none of the following: systemic 
hypersensitivity to egg or chicken proteins or any of the vaccine 
constituents; history of a life-threatening reaction to the study 
vaccine or a vaccine containing the same constituents; acute febrile 
illness (oral temperature of ≥ 37.5°C); congenital or acquired 
immunodeficiency; treatment with immunosuppressive therapy 
within the previous 6 mo; long-term treatment with systemic 
corticosteroids; unstable chronic illness that could interfere 
with study conduct or completion; receipt of blood or blood-
derived products in the previous 3 mo; any vaccination within 

immunogenicity data appeared somewhat higher than reported 
for an MF59 adjuvanted vaccine.26 However, due to the lack of 
immunological assay standardization for influenza, it is difficult 
to compare the immunogenicity of vaccines in the absence of a 
head-to-head trial.

There were no safety concerns in either study, with no 
unexpected trends in adverse events. As expected, the adjuvanted 
vaccine was more reactogenic than the non-adjuvanted vaccine, 
and reaction rates were comparable with a previous report of an 
AF03-adjuvanted H5N1 vaccine candidate.8 These safety data 
can also be considered as comparable to the results reported for 
other adjuvanted vaccines used in pediatric populations. In the 
trial of an AS03 adjuvanted vaccine conducted in children less 
than 3 y, somewhat higher rates of local and systemic reactions 
(including fever) were reported than in this study.24 In another 
trial of an MF59 adjuvanted vaccine in children aged 3 to 8 y, local 
and systemic reactions appeared somewhat less frequent, even in 
the groups of subjects that received the full adult dose of adjuvant 
as in our study.26 Erythema was reported as the most common 
local symptom after injection while in our study pain occurred 
more often. Such comparisons, however, have to be taken with 
caution due to differences across studies in the methods used for 
monitoring safety and reactogenicity, and because the trials were 
conducted in different populations, in different countries, which 
can affect the reporting of symptoms.

In summary, an inactivated monovalent vaccine against the 
influenza A (H1N1) 2009 strain elicited robust immune responses 
in children after a single injection, even without adjuvant. In 
a pandemic setting, a dose-sparing vaccine such as the AF03-
adjuvanted 3.8 μg candidate is thought to have public health 
benefit over a conventional non-adjuvanted vaccine because more 
people could be immunised from each manufactured batch of 
vaccine. However, in the 2009 H1N1 pandemic this benefit was 
not required since the demand for vaccine was less than had 
been expected. A non-adjuvanted 15μg vaccine, produced and 

Figure 3. Geometric mean hemagglutination inhibition antibody titer against influenza A (H1N1) 2009 before and after administration of adjuvanted 
or non-adjuvanted H1N1 vaccine in three age groups of children.
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6 to 35 mo of age the amount of adjuvant was halved (6.2 μg 
or 1.25% w/w squalene) and given with antigen dose levels of  
3.8 μg HA and 1.9 μg HA respectively.

Serology. Serum samples were tested for antibodies against 
the vaccine strain using hemagglutination inhibition (HI) and 
virus neutralization (NT) assays according to standard meth-
ods.27,28 HI testing was performed using turkey erythrocytes. 
The sample titer was the highest reciprocal serum dilution that 
inhibited hemagglutination completely. The neutralizing activ-
ity was measured by using a microneutralization assay format 
with enzyme-linked immunosorbent read-out. For both the HI 
assay and the NT assay, ten 2-fold dilutions from an initial dilu-
tion of 1:10 were tested. For calculation of geometric mean titers 
(GMTs), samples that were negative at the initial dilution of 1:10 
were assigned the titer of 5. Each sample was tested twice (in two 
independent HI assay runs and in the same NT assay run), with 
the geometric mean of the two results recorded as the final titer, 
expressed as reciprocal dilution. Assays were performed at the 
sponsor’s central clinical immunology laboratory (Swiftwater, 
PA, USA) under blinded conditions (group allocation was not 
indicated on the serum samples or on the accompanying listing). 
Both assays were validated according to ICH guidelines.

Safety and reactogenicity. Solicited and unsolicited 
injection site and systemic adverse events were recorded by the 
subjects’ parents on a daily basis in a diary card within 7 d of 
each vaccination. Solicited injection site reactions were pain, 
erythema, swelling, induration or ecchymosis. Solicited systemic 
reactions were fever, headache, malaise, myalgia and shivering 
for subjects aged at least 24 mo, and fever, vomiting, abnormal 
crying, drowsiness, lost appetite and irritability for subjects aged 
less than 24 mo. Unsolicited adverse events were recorded for 21 
d after each vaccination and serious adverse events (SAEs) for the 
duration of the study. Occurrence of any of the following adverse 
events of special interest at any time during the study was also 
to be reported as SAE: anaphylaxis, Guillain-Barré syndrome, 
encephalitis, Bell’s palsy, neuritis, convulsions, vasculitis, 
demyelinating disorders, or vaccination failure (laboratory-
confirmed influenza A H1N1 2009 infection). Besides, routine 
laboratory tests (hematology, AST, ALT, total bilirubin, GGT, 
and creatinine) were done before and 8 d following the first 
administration.

Statistical analysis. Immunogenicity data were expressed 
by group using GMT, geometric mean titer ratio (GMTR), 
HI seroprotection rate (% with titer ≥ 40), HI seroconversion 
rate (% with a pre-vaccination titer < 10 and a post-vaccination 
titer ≥ 40, or a pre-vaccination titer ≥ 10 and ≥ 4-fold increase 
after vaccination), NT seroconversion rate (% with ≥ 4-fold titer 
increase after vaccination).29 Safety and reactogenicity data were 
summarized in terms of the number and proportion of participants 
per group reporting each type of reaction or adverse event, with 
unsolicited adverse events grouped by System Organ class and 
Preferred Term using the Medical Dictionary for Regulatory 
Activities. Injection site erythema, swelling, induration, and 
ecchymosis reported by children aged 12 or older were included 
in the analysis if they were at least 2.5 cm.30 For younger children, 
all reactions were included. For each endpoint, 95% confidence 

the previous 4 weeks before the inclusion or planned up to the 
3 weeks following the second vaccination, thrombocytopenia or 
a bleeding disorder contraindicating intramuscular vaccination, 
receipt of a vaccine with the pandemic A/H1N1 influenza strain, 
history of confirmed pandemic A/H1N1 infection, or receipt of 
any allergy medication in the previous 7 d or planned 7 d after 
vaccination. In addition, subjects aged 6–23 mo with history of 
seizures were not eligible.

Study procedures. We randomly assigned children to each of 
the study groups using randomization lists stratified by age group 
and trial center that were generated by the sponsor’s biostatistics 
department using the block-permutation method. Participants 
received two injections 21 d apart in an unblinded manner. The 
vaccine was administered intramuscularly in the deltoid muscle 
or into the anterolateral aspect of the thigh (for subjects aged less 
than 1 y). Serum samples were collected before and 21 d after 
each vaccination for serology testing. A phone call was organized 
at 6 mo after the second vaccination to collect safety information. 
Subjects from 3 y of age who received the 3.8 μg + AF03 vaccine, 
subjects less than 3 y who received the 1.9 μg + ½ AF03 vaccine 
as well as all subjects who received a non-adjuvanted vaccine were 
then invited to participate in another study visit at 8 mo after 
primary vaccination for assessment of the persistence of their 
antibody response, as well as in two additional visits organized a 
few months later, in fall, for vaccination with trivalent inactivated 
seasonal influenza vaccine and analysis of the immune response 
to this vaccine. The outcome of this seasonal vaccination is not 
presented in this report, but the first of these 2 additional visits 
provided a supplementary evaluation of the persistence of the 
response to the H1N1 vaccine at 13 mo after vaccination. It is 
important to note that after completion of the primary series of 
immunization and collection of the post dose 2 blood specimen, 
many subjects received an additional H1N1 vaccination according 
to the Finnish national recommendation. Such children were 
not eligible for the antibody persistence assessment at 8- or 13 
mo-follow up. A phone call was organized 12 mo after the second 
H1N1 vaccination to collect safety information from the subjects 
who did not participate in the seasonal influenza vaccination 
visits.

Vaccine. The influenza A/California/07/2009 (H1N1) New 
York Medical College X-179A vaccine seed strain was propagated 
in embryonated chicken eggs, inactivated and split according to 
the process used to produce a licensed seasonal influenza vaccine 
(Vaxigrip®, sanofi pasteur, Lyon, France). Vaccine was presented 
in multi-dose vials containing either 30 or 60 μg/ml HA and 
thiomersal as a preservative. The adjuvant (AF03, sanofi pasteur, 
Lyon, France), which was also presented in multi-dose vials, 
was a squalene-based, oil-in-water emulsion stabilized by two 
non-ionic surfactants and prepared to have a very fine droplet 
size (mean particle diameter: < 100 nm) and a narrow particle 
size distribution. Adjuvanted candidate vaccines were prepared 
extemporaneously. The vaccines were given intramuscularly. 
Each 0.5 ml dose contained either 15 μg HA and no adjuvant, 
3.8 μg HA and adjuvant, or 7.5 μg HA and adjuvant. In children 
3 to 17 y of age the same quantity of adjuvant was present in each 
adjuvanted vaccine (12.4 μg or 2.5% w/w squalene). In children 
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